Abstract: To investigate the effect of micro and macro stressors in the work environment on the subjective health status and productive behavior of computer professionals, we conducted a webbased investigation with Japanese IT-related company employees in 53 company unions. The questionnaire consisted of individual attributes, employment characteristics, working hour characteristics, company size and profitability, personal characteristics (i.e., Growth Need Strength), micro and macro stressors scale, and four outcome scales concerning the subjective health status and productive behavior. We obtained 1,049 Japanese IT-related company employees' data (response rate: 66%), and analyzed the data of computer engineers (80%; n=871). The results of hierarchical multiple regressions showed that each full model explained 23% in psychological distress, 20% in cumulative fatigue, 44% in job dissatisfaction, and 35% in intentions to leave, respectively. In micro stressors, "quantitative and qualitative work overload" had the strongest influence on both the subjective health status and intentions to leave. Furthermore, in macro stressors, "career and future ambiguity" was the most important predictor of the subjective health status, and "insufficient evaluation systems" and "poor supervisor's support" were important predictors of productive behavior as well. These findings suggest that improving not only micro stressors but also macro stressors will enhance the subjective health status and increase the productive behavior of computer professionals in Japan.
Introduction
The rapid spread of information technology (IT) has resulted in an increase in the number of computer professionals and development of new occupations (e.g., system engineers for mobile phones and web pages, etc.) 1, 2) . The nature of the IT service industry, a key industry in Japan is particularly known to lead to work-related stressors: technological changes, the diversification of manpower, and the reform of employment practices (i.e., performance-based evaluation system) 1, 2) . The IT industry is also known to be stressed with greater levels of work overload and job ambiguity [3] [4] [5] [6] [7] [8] [9] [10] [11] . Previous studies [3] [4] [5] [6] [7] [8] [9] [10] concerning computer professionals (e.g., software engineers and technicians, etc.) have reported that various occupational health factors such as psychological distress and cumulative fatigue are caused by job-level stressors (e.g., quantitative and qualitative work overload). Furthermore, organizational factors (e.g., career development, rewards, and organizational structure) are related to psychological distress 5, 6, 10, 11) . Lo 9) reported that work environment stressors of computer professionals can be classified into two major groups: micro stressors and macro stressors. Micro stressors are classified as job-level factors (e.g., quantitative and qualitative work overload), and macro stressors are classified as organizational factors (e.g., career development, supervisor support, and management systems). Micro and macro stressors also affect computer professionals' health and productive behavior (e.g., turnover rate, job dissatisfaction, absenteeism, cost, etc.) 9) , and that interactions between micro and macro stressors can potentially reduce organizational effectiveness 9, 10) . Although traditionally, in workplaces in Japan, rate of employee turnover has been low because of the typical management system, the computer industry is known to have a high rate of employee turnover 1, 2, 12, 13) . A previous report 2) indicated that 58% of IT engineers had a job change experience and half of them got a job in the same field. Since a high turnover of computer professionals is costly to organizations in terms of recruitment, replacement, and training expenses, as well as productivity [14] [15] [16] , IT industry employers, in Japan, need to intervene with a better understanding of factors leading to employee resignation.
Previous studies of computer professionals reported the importance of career development, role ambiguity, and supervisor support concerning the intentions to leave and job satisfaction of employees 14, [16] [17] [18] . Thus, with a better understanding of micro and macro stressors, employers in the IT industry need a more effective strategy of human resource management, which minimizes computer professionals' occupational health problems and maximizes organizational effectiveness (i.e., reduced turnover).
In Japan, however, there has been only few researches 12, 19, 20) that examined the effect of micro and macro stressors on the subjective health status and productive behavior of computer professionals, and they had some limitations. Although the two studies 12, 20) found that "quantitative and qualitative job-overload" and "organizational characteristics" were important predictors of individual and organizational outcomes, the findings might not generalize workplaces with different demographics since they focused on technical support staff. Another study 19) focusing on various kinds of computer professionals (e.g., system engineers for mobile phones and web pages, etc.) found the predictors of micro and macro stressors on psychological distress and intentions to leave. However, since the outcomes focused on psychological distress and intentions to leave, the findings concerning physical and psychological well-being of employees and the effectiveness were limited. Therefore, further studies, which examine not only psychological distress and intentions to leave but also other subjective measures associated with physical and psychological well-being of employees and the effectiveness of organization (physical health and job dissatisfaction) 21) , are needed. Thus, in this study, we conducted an investigation to examine the effect of micro and macro stressors in the work environment on computer professionals' subjective health status (psychological distress and cumulative fatigue sign) and productive behavior (job dissatisfaction and intentions to leave) in Japan. This will help employers to understand ways to improve both the organizational effectiveness and employees' well-being.
Materials and Methods

Subjects
This study was performed with the cooperation of two union federations: one is composed of unions of IT employees, and the other is composed of unions of electricians and IT employees. In 58 unions among both federations we asked to co-operate, 53 unions agreed to cooperate in this research while five unions disagreed to cooperate because of scheduling conflict. The two federations are among the five largest union federations in Japan, and the individual unions varied in size from less than 50 to more than 10,000 employees. The total number of members of both union federations was more than 900,000. The male to female ratio of both federations was 8:2, and the average age range of members was in their thirties for both sexes. More than 50% of the union members had a university degree, more than 80% were engineers, and about 90% were regular employees.
Data collection
Since the unions included in our study varied in terms of size and organizational characteristics, we used the quota sampling which is one of the non-probability sampling using sampling indicators such as age. From May to June of 2003, 30 voluntary participants of each union (n=1,590 from 53 unions) were chosen according to two quota sampling indicators: sex and age, based on the composition of the union federations. Participants accessed our webpage, which had a self-administered questionnaire that was accessible by a password we provided them with. The data they entered were sent to our database automatically while maintaining the security of the data. The questionnaire consisted of items concerning individual attributes (sex, age, marital status, educational level, and current clinical information), employment characteristics (type of employment, software engineer or not, office location, years of service at current company, years of service in current job, and the number of previous employers), working hour characteristics (the number of working hours per day, the frequency of night work per month, and the frequency of weekend work per month), and company size as independent variables. Turnover studies need to examine not only work stress but also the business condition (i.e., profitability of the organization) and personal characteristics 19) ; therefore, the questionnaire also included the profitability of the organization (revenue, profit, the rate of hiring new graduates) and personal characteristics (i.e., Growth Need Strength (GNS)) as independent variables. Moreover, the questionnaire included scale items of micro and macro stressors (see section 3.1.), and four outcome scales: subjective health status (psychological distress and cumulative fatigue) and productive behavior (job dissatisfaction and intentions to leave).
The final response rate was 66% (n=1,049, from 53 unions) after eliminating 61 respondents for missing data. Since about 80% of the respondents were computer engineers, we chose to focus on analyzing data from the engineers' group separately. Concerning the remaining 20% data, most of the occupations were clerical staff and administrative staff. Therefore, the subjects of this study were exclusively engineers (n=871). Eighty three percent (n=718) were male, and the average age of male members was 32.5 (SD=5.5) and that of female members was 29.6 (SD=4.9). These data indicate that the demographic characteristics of our sample are quite similar to those of the two union federations' total population.
Measures
1) Micro and macro stressors scale
To assess work and organizational characteristics as micro and macro stressors, we used a novel 29-item perceived work and organizational characteristics (PWOC) scale, which demonstrated a high internal consistency and reliability in Japanese IT workers 12, 20) . The PWOC scale consisted of seven subscales concerning both micro and macro stressors, both of which are indicated as engineers' stressors 9) . Seven subscales of the 29-item PWOC scale were divided into two categories: micro stressors, related to individual work and workplace characteristics, (i.e., "poor coworker support", "insufficient office amenities", and "quantitative and qualitative work overload"), and macro stressors, related to organizational factors (i.e., "poor supervisor support", "insufficient evaluation system", "undeveloped management system", and "career and future ambiguity") using the conceptual model of a previous study 9) . Each item was evaluated by a two-point response scale: 0 (I do not agree.) or 1 (I agree.). The items with the "1: I agree." response were further scored by a Likert-type scale from 0 ("The stressor is not a burden.") to 2 ("The stressor is an extreme burden."). The responses "0: I do not agree." and "1: I agree, but the stressor is not a burden." were scored the same: "0: The stressor is not a burden." This scoring decision was based on the idea that the strain one experiences depends on the person's perception of stressors 22) . To control for individual differences in the perceived stressor burden, the mean PWOC scores of all items marked "I agree." were weighted into the PWOC.
2) Profitability of the organization To determine the profitability of the organizations involved in this study, we used objective measures of productivity 2) . During the following year of our internet survey, we obtained objective data concerning the profitability of each company including revenue, profit, and the rates of hiring new graduates during the fiscal year. All of these independent variables are representative business indicators. Each item provided a binary measure: 1 (decreased compared to the previous fiscal year) or 0 (almost the same level compared to the previous fiscal year, or increased compared to the previous fiscal year). Although the correlation between data of revenue and profit was relatively high (r=0.65), this did not lead to multicollinearity, so we used both data sets.
3) Assessment of Growth Need Strength (GNS) For assessing the participants' personal characteristics, we used the Growth Need Strength (GNS) scale developed by Hackman and Oldham 23) , in which the accuracy of the Japanese translation was confirmed, and then further verified by translating it from Japanese back into English and then from English back into Japanese. Previous studies of computer professionals also confirmed the high internal consistency and reliability of the GNS 24) . The items measured require respondents to indicate the desirability of various work conditions in their present job, and were evaluated by a seven-point response scale. The higher the total score, the more Growth Need Strength participants have. The Cronbach Alpha coefficient in this study was 0.85.
4) Subjective health status
For assessing participants' subjective health status, we used scales for psychological distress and cumulative fatigue signs.
General Health Questionnaire (GHQ): Psychological distress was assessed with the Japanese version of the 12-item General Health Questionnaire (GHQ-12), which demonstrated high concurrent validity and internal consistency and reliability in Japanese workers 12, 20) . The GHQ items were scored by 0-1-2-3 Likert scoring in order to assess the impairment level. The higher the total score, the more psychological distress the participants have. The Cronbach alpha coefficient in this study was 0.78.
Cumulative Fatigue Symptom Index (CFSI): We assessed participants' cumulative fatigue signs using an 18-item version (CFSI-18) of the Cumulative Fatigue Symptom Index 25) , which was developed from a 60-item index that measured symptoms related to cumulative fatigue with a high internal consistency and reliability in Japanese adults 26) . The 18-item version had been used in previous research on computer technical support staff in Japan, and a significant relationship was found between work stress and the CFSI subscales 12, 20) . Participants were asked whether they had recently experienced particular symptoms related to cumulative fatigue or not (e.g., "I have had eyestrain recently."). Measurement was performed by a two-point response scale. The higher the total score, the more cumulative fatigue symptoms the participants had. The Cronbach Alpha coefficient in this study was 0.87.
5) Productive behavior
For assessing participants' productive behavior, we used scales for job dissatisfaction and intentions to leave.
Assessment of job dissatisfaction: Job dissatisfaction was assessed by a Japanese translation 27) of a 15-item scale originally developed by Mclean 28) , which demonstrated high internal consistency and reliability in Japanese workers 12, 20, 27) . The scale measures the degree of job satisfaction/dissatisfaction with regard to various working conditions, such as human relationships, remuneration, and so on. It employed a five-point Likert-type scale. The higher the total score, the more dissatisfaction the participants perceived. The Cronbach Alpha coefficient in this study was 0.87.
Assessment of intentions to leave: Intentions to leave were assessed by a 6-item scale developed by the chief author and a colleague, which used qualitative data and demonstrated a high internal consistency and reliability in Japanese IT workers 12, 20) . Each item asked about the subject's thoughts or behavior relating to resignation from their job ("I am fed up with my job at the present company and am earnestly gathering information to find a new job." etc.). Responses were scored with a four-point Likert-type scale. The higher the total score, the stronger the intentions to leave. The Cronbach Alpha coefficient in this study was 0.91.
Data analyses
We calculated descriptive statistics and correlation coefficients of micro and macro stressors subscales and four dependent variables. Next, hierarchical multiple regression analysis for the four dependent variables (GHQ-12, CFSI-18, "job dissatisfaction", and "intentions to leave") was performed to attempt to determine macro and micro stressors affecting participants' subjective health status and productive behavior.
Concerning subjective health status outcomes (GHQ-12 and CFSI-18), in model 1, analysis was performed on each independent variable controlling for data of profitability and variables of personal characteristics (GNS) as well as demographic variables (sex, age, marital status, educational level, and current clinical information), employment characteristics (type of employment, software engineer or not, office location, and the number of previous employers), working hour characteristics (the number of working hours per day, the frequency of night work per month, and the frequency of weekend work per month), company size, and the profitability of the organization (revenue, profit and the rate of hiring new graduates). In model 2, three micro stressors ("poor coworker support", "insufficient office amenities", and "quantitative and qualitative work overload") were entered into the equations as independent variables. Finally, four macro-stressors variables ("poor supervisor support", "insufficient evaluation system", "undeveloped management system", and "career and future ambiguity") were entered into the equations as independent variables in model 3.
According to Mobley 16) , although the lower the job satisfaction is the greater the probability of turnover, turnover researches need to use variables other than job satisfaction to predict individual-level turnover since the use of overall satisfaction offers little diagnostic value regarding what aspects of the job are contributing to turnover. Thus, in our research, job dissatisfaction was not included in the equations of intentions to leave as independent variables.
Concerning model 1 of "job dissatisfaction" and "intentions to leave", in addition to the equations of health status (Model 1), the GHQ-12 and CFSI-18 variables were also entered as independent variables to control the effect of subjective health status. Next, three micro-stressors variables were entered into the equations as independent variables (model 2). Finally, four macro stressor variables were entered into the equations as independent variables (model 3). The statistics package used was SPSS11.0J. Table 1 shows a summary of the participants' basic attributes and employment characteristics. Ninety three% were regular employees and 37% of the participants worked at mid-size companies (companies with 201-1,000 employees). About 9% indicated that they had worked for at least one other employer in the past. Concerning profitability, 50% of the companies had a lower revenue compared to the previous year, and 40% had a reduced profit compared to the previous year. Although not shown in the table, 62% of the participants were software engineers, and 28% were engineers whose job was related to an internet provider or to cell phones or computer technical support. Twenty five% had two or more jobs at the same time in the same office (i.e., software engineer and manager). More than 90% worked in non-management positions. Table 2 showed the Cronbach Alphas and correlation coefficients of seven subscales of micro and macro stressors, Growth Need Strength and four dependent variables. The correlation of each variable of micro stressor subscales was r=0.24-0.35, and that of each macro stressor subscales was r=0.10-0.53. Table 3 shows the results of the hierarchical multiple regression analysis of two subjective health status variables (GHQ-12 and CFSI-18). The dependent variable GHQ-12 explained 4%, 18%, and 23% of variance, and CFSI-18 explained 5%, 18%, and 20% of variance of each model, respectively.
Results
The GHQ-12 scores (model 1) were significantly higher in single people, and those who worked longer hours. When variables of micro stressors of PWOC subscales were added (model 2), "poor coworker support" and "quantitative and qualitative work overload" became significant. Also, the GNS was found to be significant and the beta values were negative. When variables of macro stressors of subscales were added (model 3), all variables except for "poor supervisor support" were found to be significant.
As with GHQ-12, the CFSI-18 score (model 1) was significantly higher in women, single people, in people with an illness, and those who worked longer hours. When variables of micro stressor subscales were added (model 2), all variables were found to be significant. When variables of macro stressor subscales were added (model 3), "undeveloped management systems" and "career and future ambiguity" were found to be significant, while the significance of "poor coworker support", "insufficient office amenities", and working longer hours disappeared. Table 4 shows the results of the hierarchical multiple regression analysis of "job dissatisfaction" and "intentions to leave". The dependent variable of "job dissatisfaction" explained 22%, 29%, and 44% of the variance, and "intentions to leave" explained 27%, 31%, and 35% of variance of each model, respectively.
"Job dissatisfaction" (model 1) was significantly higher in software engineers, those who worked all night more often, and those who worked for a company where profits had increased from the previous year. Both health status variables (GHQ-12 and CFSI-18) were also found to be significant. When variables of micro stressor subscales were added (model 2), all were found to be significant, while the significance of occupation and working hour characteristics disappeared. When variables of macro stressor subscales were added (model 3), all were found to be significant, while the significance of profit, health status variables (CFSI-18), "quantitative and qualitative work overload", and "poor coworker support" disappeared.
The "intentions to leave" scores (model 1) were significantly higher in women, those who worked all night more often, those who worked for companies with a decreased revenue, and companies with an increased profit compared to the previous year. Both health status variables (GHQ-12 and CFSI-18) were also found to be significant. When variables of micro stressor subscales were added (model 2), "quantitative and qualitative work overload" were found to be significant, while the significance of frequency of night work disappeared. When variables of macro stressor subscales were added (model 3), "poor supervisor support" and "insufficient evaluation systems" were found to be significant, while the significance of company revenue disappeared. Also, the significance of sex and age were found to be significant.
Discussion
Subjective health status of computer professionals
Quantitative and qualitative work overload was the most important predictor of both psychological distress and cumulative fatigue symptoms as the subjective health status variables. These results supported those of previous studies of software engineers [4] [5] [6] [7] 10) . Among the macro stressors, career development and future ambiguity were the most important predictors of both subjective health status variables. These results suggest that career development and future ambiguity are important not only in turnover but also in the subjective health status of each individual, expanding knowledge concerning the career development of computer professionals 9, 20) . Previous studies of computer professionals have shown turnover resulting from anxiety about demands for the latest knowledge/techniques due to rapid technological innovation and limitations in career development under the acceleration of technological innovation 2, 29) . These career developmental problems may affect both physical and psychological health of computer professionals 9, 12, 20) . Therefore, health management measures for computer professionals should include technical education corresponding to the accelerating technological innovation, provision of opportunities of personnel training with consideration given to various career paths such as management and related departments, and the announcement of a policy of medium-to long-term career development.
On the other hand, cumulative fatigue symptoms were marked in the presence of illness, while psychological stress was marked when Growth Need Strength as a personal characteristic was low, evaluation systems were insufficient, and coworker support was poor. Thus, matters associated with self-motivation may markedly affect psychological stress. Concerning interventions for health problems in computer professionals, it is important to understand differences between the factors affecting the mind or body, and take appropriate measures. In this study, poor supervisor support that was indicated as an important predictor in previous studies 18, 20) was not associated with the subjective health status. However, since this factor is also associated with self-motivation 30) , further studies are necessary to evaluate its association with the subjective health status.
Job dissatisfaction and intentions to leave in computer professionals
Quantitative and qualitative work overload was the most important predictor of intentions to leave. Among the macro stressors, insufficient evaluation systems and poor support by supervisors who perform evaluation were important factors associated with job dissatisfaction and intentions to leave. Therefore, when computer professionals have negative feelings toward systems, in which their work ability and vocational aptitude should be fairly evaluated and reflected by pay and positions, they may be dissatisfied with the job and have intentions to leave.
Traditionally, in workplaces in Japan, management has been performed using the lifetime employment system and the seniority system in which age and the duration of service are the most important criteria 31) . On the other hand, the IT industry was one of the pioneering industries to use the resultbased pay system in Japan 1, 2) . The introduction of resultoriented management has caused severe competition, escalating long work hours, increased workers' own responsibility, enhanced anxiety, and influences on psychological health 32) . In particular, in the IT industry, computer professionals are required to develop their careers by constantly acquiring the latest knowledge and techniques 5, 17) . Therefore, when they can not expect a fair evaluation, their level of job dissatisfaction and intentions to leave may increase. Thus, in organizations, measures for career development and supervisor support are necessary to reduce job dissatisfaction and any intentions to leave and improve morale and productivity 9, [16] [17] [18] 30) . Although the profitability of the organization and chronic fatigue were associated with intentions to leave, in this study, these variables were not associated with job dissatisfaction. In addition, macro stressors such as evaluation systems were more important predictors of job dissatisfaction in computer professionals, rather than quantitative and qualitative work overload. According to previous studies 16, 33) , strong intentions to leave have been suggested to be associated with job dissatisfaction and a negative view of the workplace and work. However, the results of this study suggested differences in factors between job dissatisfaction and intentions to leave. Our findings suggest that the important factors associated with intentions to leave included not only organizational problems but also wide-ranging items such as the job itself, workers' health status, and the profitability of the organization.
Concerning the association between intentions to leave and the profitability of the organization, a previous study 16, 33) suggested that an increase in a company's profit enhances the value of its workers in the labor market, and makes them feel more worthy professionals in an external employment market. This situation makes them recognize more advantages in other areas of the labor market, and promotes intentions to leave. In addition, the turnover rate varies among industries, nations, or districts, and is affected by not only the economical situation in Japan, but also by Japanese culture 34) . Therefore, intentions to leave and job dissatisfaction in computer professionals should be further evaluated in association with the economical situation and Japanese culture in addition to macro and micro stressors.
Influences of micro and macro stressors in work environments on computer professionals
In Japan, in computer professionals including not only software engineers but also new occupations (such as system engineers for mobile phones and web pages), measures against micro stressors, particularly quantitative and qualitative work overload, may be important not only in improving the health of each individual, but also lessening any intentions to leave.
In addition, the results that beta score of the respective micro stressor variables decreased in model 3 in each outcome (see Tables 3 and 4 ) leads us to speculate on how organizations might reduce macro and micro stressors for IT professionals. In computer professionals in the IT industry, organizational problems such as evaluation systems and management systems may affect quantitative and qualitative work and work environmental problems, resulting in influences on the subjective health status, job dissatisfaction, and intentions to leave. This supports the suggestion by previous studies that the short history of the IT industry and immature organizational characteristics derived from technological innovation are present in the background of quantitative and qualitative work overload 3, 5) . This also suggests that an organization must have consistent structure, policies, and procedures to be profitable, competitive, and to promote employees' health.
Furthermore, the results of this study support the concept of "organizational health", that "organizational characteristics (such as management practices, organizational culture/ climate, and organizational values)" are important factors affecting "organizational health" such as workers' health/ satisfaction and performance, and measures with consideration for "organizational health" bring profits to both workers and companies 21) . Since individual labor in the organization is present in the work process as the frame of the organization, interventions in macro stressors as organizational factors require time due to difficulty in coping with each worker and the involvement of various factors. Therefore, mediumto long-term measures are necessary with consideration for the degree of difficulty in and the order of priority of interventions concerning each factor, such as career development and supervisor support.
Limitations of this study and future directions
This study has some limitations. First, as participants were recruited with the quota sampling, using two union federations, problems unique to those federation members may be reflected in the results. In addition, our findings might have non-response bias considering 34% nonresponse participants and six unions disagreed to co-operate our research. In the future, it would be useful to conduct a large scale survey including people who are not federation members. Also, the reliability and validity of scales for micro and macro stressors and intentions to leave, which had been developed by the authors, would benefit from further testing in the future. Another limitation is that because this study was cross-sectional, it cannot detect causal relationships. To establish such causal links, it will be necessary to conduct longitudinal surveys in the future. In addition, because almost all participants were regular employees, and relatively well-educated (about 70% had bachelor's degrees or higher), the results presented here might not be applicable to workplaces with different demographics. Finally, since all dependent variables were based on self-reported data, further studies using more objective measures would be helpful.
On the other hand, our study had high coefficients of determination (adjusted R squared), especially for "job dissatisfaction" and "intentions to leave" (See Table 4 ). Also, little research has been done to examine the effect of micro and macro stressors on IT workers' subjective measures which associated with physical and psychological well-being of employees and the effectiveness of organization, including workers whose job is related to the web or cell phones in Japan. This study also shows that both objective data (i.e., profitability) and personal data (i.e., GNS) can be used in the field of occupational stress in Japan.
Therefore, although our findings may have some limitations, our approach has yielded meaningful insights into not only the IT service industry, but also into other domestic industries with similar organizational characteristics. Since occupational stress is costly in terms of organizational outcomes, research on occupational stress has implications for organizational effectiveness. Further research measuring subjective health status and productive behavior both within and beyond the Japanese IT industry would be useful. 
